A new effervescence-assisted dispersive liquid-liquid microextraction, EA-DLLME, technique was developed for preconcentration and flame atomic absorption spectrometric determination of copper in aqueous samples. Effervescence assistance and DES combination for metal ion extraction was used for the first time. In the presented study, six different effervescence powders were examined to achieve maximum extraction efficiency. In addition, 1,5 diphenyl carbazide was used as complexing agent and DES prepared by mixing choline chloride and phenol was used as extraction solvent. The effect of several parameters such as pH, concentration of complexing agent, composition and volume of DES, amount of THF, composition and amount of effervescent agent were examined. Performed experiments showed that optimum pH was 6.0, the best effervesce powder composition was NaH 2 PO 4 :Na 2 CO 3 with 2 × 10 −3 :1 × 10 −3 molar ratio and the amount of effervesce powder was 0.4 g. Under optimum conditions enhancement factor, limit of detection and limit of quantification were calculated as 78, 2.9 and 9.7 μg L −1 , respectively. In addition, to prove precision of the method intra-day relative standard deviations were calculated for 10 and 50 μg L −1 Cu 2+ concentrations and found as 2.1% and 1.3%, respectively. The proposed method showed good linearity within the range of 10.0-100 μg L −1 . Finally, proposed method was successfully applied to determination of copper traces in aqueous samples.
Introduction
Copper is an important element for all living organisms and can be considered either essential or toxic depending on its amount in the body. Copper is needed for the several biochemical reactions and red blood cells and bone formation. However, as with all essential elements, too much or too little copper ingestion can causes excess of lack of copper in the body, and these conditions have their own unique health effects: Excess levels of Cu can cause the neurological diseases such as schizophrenia, depression, epilepsy [1] , irritation of nose and throat, nausea, vomiting and diarrhoea [2, 3] . A deficiency in copper leads to conditions such as fatigue, declined growth, iron deficiency, fragile bones, and declined immune response [4] . As a result, the sensitive and selective method is required for separation and preconcentration of copper from the different sample matrices [5] .
Several analytical techniques, such as atomic absorption spectrometry (AAS) [6] [7] [8] , inductively coupled plasma optical emission spectrometry [9] [10] [11] , voltammetry [12] and spectrophotometry [13] [14] [15] have been reported for the copper determination in various samples. Flame atomic absorption spectrometer is a relatively simple and readily available analytical instrument, which gives precise and accurate results, in many laboratories. Because of its low cost, ease of use, high sample capacity, it is ideal instrument for the determination of heavy metals. The detection limit values obtained with FAAS for many metals in the upper ppb level. Therefore, its sensitivity does not allow direct determination of trace and ultra trace amount of heavy metals in real samples satisfactorily. In order to improve the sensitivity, a separation/preconcentration pretreatment step is used [16, 17] . Several sample preparation methods for the preconcentration and separation of heavy metals have been developed [18] . Solid-phase microextraction (SPME) [19] , dispersive liquid-liquid microextraction (DLLME) [20, 21] and cloud point extraction (CPE) [22] are some of these methods. Most of the solvents used in the extraction techniques always had a certain amount of toxic effect. Recently, deep eutectic solvents (DES) started to be used as a greener and more environmentally friendly extraction solvents for extraction of trace amounts organic and inorganic analytes [23, 24] . DESs can be defined as mixtures of two compounds, and one of the compounds is the hydrogen bond donor and the other one is hydrogen bond acceptor. Combining of these components form liquids with melting points far below those of the individual components, due to self-association. A typical DES is a mixture prepared by complexing an ammonium halide (choline chloride) as a hydrogen bond acceptor with a hydrogen bond donor (urea, oxalic acid, phenol or sugar) in a special molar ratio [25] [26] [27] . Some unique properties, such as thermal stability, low vapour pressure, low moisture sensitivity, ability to interact both hydrophilic and hydrophobic solvents, make DESs favourable extraction solvent alternative to hazardous organic extraction solvents. Due to its low cost, ease of use and extraction efficiency DESs has been used as an extraction solvent in DLLME in recent years [26, 28, 30] .
In DLLME, a few millilitres of water-soluble disperser solvents such as methanol, acetonitrile or acetone is used in order to disperse a small droplets of water-immiscible extraction solvent into the aqueous medium [31] . At present, in some DLLME procedures, there is no need to use dispersive solvent, since the cloudy solution obtained by the injection of air bubbles (gas-air dispersive liquid-liquid microextraction, GA-DLLME) [14] , by formation of air bubbles using a vortex (vortex-assisted dispersive liquid-liquid microextraction, VA-DLLME) [33] , by applying ultrasonic energy (ultrasound-assisted dispersive liquid-liquid microextraction, UA-DLLME) [34] or by the mechanical effect of withdrawing and injecting solution with a syringe (air-assisted dispersive liquid phase microextraction AA-DLME) [35] .
Very recently, effervescence has been started to utilise as a novel assistance method for dispersion of solvents in DLLME without a dispenser solvent [36] [37] [38] . Effervescence method based on the formation of CO 2 gas by reaction of a CO 2 source and a proton donor. By means of generated CO 2 microbubbles, extraction solvent is easily and homogeneously dispersed into the sample, and target analytes are extracted into the organic phase. Compared with conventional method such as ultrasound and vortex, effervescence is a simple, effective and energy free [39] .
In this study, an easy, rapid and sensitive extraction method called as effervescenceassisted dispersive liquid-liquid microextraction (EA-LLME) has been developed for preconcentration and flame atomic absorption spectrometric determination of copper ions in aqueous samples. For this purpose 1,5-diphenyl carbazide (DPC) was used as complexing agent to form stable and hydrophobic complex. DES was prepared by mixing choline chloride and phenol was used as extraction solvent. THF is a polar aprotic solvent that can be miscible with water. The use of THF reduces the interaction between water molecules and DES, allowing self-aggregation of DES microdroplets [40] [41] [42] . The mixture of sodium dihydrogen phosphate and sodium carbonate was used as effervescence powder. Through the use of effervescent, the extraction solvent was dispersed without any need of energy and higher extraction efficiency was obtained. In order to improve the efficiency of the method several parameters, which affect complex formation and effervescence assistance, were optimised. The method was also applied to the determination of the copper ions in standard reference material and water samples. According to our literature survey, there is no study on both copper microextraction by using DESs and no study on combining DESs and effervescence assistance for metal microextraction.
Experimental

Reagents and samples
All the reagents used were of analytical grade and required no further purification. For DES solvent, choline chloride (ChCl) was used as quaternary ammonium salts, and phenol (Ph) were used as hydrogen bond donors were purchased from Sigma-Aldrich Germany. Tetrahydrofuran (THF) was used as aprotic solvent and purchased from Merck, Darmstadt, Germany. All the solutions were prepared by using deionised water. In order to eliminate possible contamination all glassware was immersed into the 10% hydrochloric acid (Merck, Darmstadt, Germany) for at least 24 h and then rinsed three times with deionised water.
Apparatus
A Perkin Elmer AAnalyst atomic absorption spectrometer equipped with a copper hollow cathode lamp (Perkin Elmer, USA) as the radiation source was used for determination of copper. The analytical wavelength (324.8 nm), slit width (0.2 nm) and lamp current (15 mA) were used as recommended by the manufacturer. All pH measurements were carried out with a digital pH metre (Isolab Laborgeräte GmbH, Germany) equipped with a pH electrode. A centrifuge (Hettich-Eba, 21 model, Germany) was used to accelerate the phase separation. A 53 kHz, 100 W ultrasonic bath with temperature control (Kudos SK3310LHC, Sanghai) was used for ultrasonication.
Preparation of ChCl-Ph eutectic mixture
13.96 g choline chloride and 28.20 g phenol were mixed and magnetically agitated in a glass beaker until clear solution was achieved in 5 min at 50°C.
Effervescence powder preparation
0.3 g NaH 2 PO 4 (as a proton donor) and 0.1 g Na 2 CO 3 (as a CO 2 source) were manually mixed in a porcelain mortar until homogenous powder formed. So, 0.4 g effervescence powder was obtained.
EA-DLLME procedure
In the proposed EA-DLLME method, 0.4 g effervescence powder was introduced in a 50 mL conical bottom centrifuge tube; then analyte containing extraction solution which contains 25.0 mL of standard (50 μg L −1
) or sample solution of copper ions, 2 mL of pH 6.0 buffer, 500 μL of 1% (w/v) chelating agent DPC, 1000 μL of DES and 1000 μL of THF was added into the tube containing effervescence powder. Then effervescence occurred from the bottom to top of the tube immediately and the extraction solvent was homogeneously dispersed into the aqueous sample solution. After the effervescent reaction completed the mixture was centrifuged at 4020 × g for 3 min. By means of centrifugation, DES phase collected at the top the tube and then aqueous phase was taken out using a pipette and the volume of DES phase remaining in tube was completed to 500 μL with 1% acidic ethanol. Finally, diluted DES phase was introduced into FAAS by direct nebulisation for Cu 2+ analysis and blank was also treated in the same way.
Results and discussion
In order to obtain maximum extraction efficiency and highest enhancement factor, several parameters influence the properties of effervescence agent, metal-ligand formation and the extraction conditions were studied. During this study, a univariate optimisation method was used in which one parameter was changed at a time and the others were kept constant. For all the optimisation experiments, 50 μg L −1 of Cu 2+ working solutions were utilised. After obtaining optimum conditions, Cu 2+ content of certified reference materials and some natural water samples were determined by using these optimum conditions. A summary of optimum condition values obtained proposed EA-DLLME method was presented as a supplementary material.
Effect of composition and volume of ChCl:Ph
Several reagents, which act as hydrogen bond donor and salt, can be used for the preparation of various DESs [43] [44] [45] . For this study, choline chloride (ChCl) and phenol (Ph) were chosen as a salt and a hydrogen bond donor, respectively. By using these reagents (ChCl:Ph) in different molar ratio (1:1, 1:2, 1:3, 1:4 and 1:5), five different ChCl:Ph eutectic mixtures were prepared and optimisation experiments were performed. According to the given results in Figure 1 , maximum copper extraction efficiency was achieved with ChCl:Ph having 1:3 molar ratio and this ratio was chosen as optimum value for further experiments. By using selected DES composition effect of DES volume on EA-DLLME, efficiency was also tested. For this purpose, different amount of DESs (10-1200 μL) were added to the analyte solutions. During these experiments, all other parameters were kept at optimum values that is mentioned in EA-DLLME procedure. It was seen that extraction efficiency of Cu(II) increased with increasing volume of DES up to 1000 μL and slightly decreased by the volume was greater than 1000 μL. Because the final volume of diluted phase was 500 μL and the amount of added diluent was not sufficient to reduce the viscosity of DES phase with 1250 μL. Therefore, aspiration of the sample was not performed sufficiently and absorbance value (and hence extraction efficiency) reduced. Consequently in the subsequent studies, 1000 μL was chosen as the optimum volume for DES.
Effect of amount of complexing agent
Extraction efficiency of the analyte depends on the distribution ratio of the metal chelate between the organic and the aqueous phases [45] . At a constant aqueous phase pH, the distribution ratio and hence, the extraction efficiency increases with the increasing amount of the chelate. The influence of DPC amount on the extraction efficiency of copper was studied using different volumes of 1% (w/v) DPC solution ranging from 50 μL to 1000 μL. During these experiments, all other parameters were kept at optimum values that is mentioned in EA-DLLME procedure. According to the results obtained after optimisation experiments, the signal was increased with the increase of DPC volume up to 500 μL, and then remained constant. In other words, the extraction efficiency was constant when the DPC volume was higher than 500 μL, indicating complete complexation. Therefore, 500 μL of 1% (w/v) DPC solution was chosen as the optimum value for subsequent studies.
Effect of THF amount
In this EA-DLLME method, THF was added to ensure the self-aggregation and full separation of the DES molecules from the aqueous solution [46, 47] . The main reason for the selfaggregation of DES is that the polar-aprotic solvent has a tendency to interact with water molecules more than DES molecules. Thus, by adding THF to the homogeneous DESaqueous phase system, the interaction possibility of water molecules with DES molecules is reduced, and water molecules prefer to interact with THF molecules. Under these conditions, the interaction of DES molecules with water molecules decrease and the self-aggregation occurs. As a result, it can be said that THF behaves as dehydrating agent and DES becomes insoluble in the water-THF system [48] . Effect of THF volume on extraction efficiency was explored in the volume range of 100-1250 μL. During these experiments, all other parameters were kept at optimum values that is mentioned in EA-DLLME procedure. The extraction efficiency increased with the increasing THF volume up to 1000 μL and then remained constant represents quantitative extraction. Hence, 1000 μL of THF volume was determined as optimum value. As can be seen from Figure 2 , extraction efficiency without adding THF was almost negligible.
Properties of effervescent agent
Properties of effervescent agent play a significant role in the dispersion of analyte and hence extraction efficiency [49] . In order to achieve maximum EA-DLLME efficiency, some parameters about effervescent agent such as composition of effervescent agent, amount of effervescent agent, ingredients of effervescent agent and adding style of effervescent agent should be optimised.
3.4.1. Type and ratio of CO 2 source and proton donor Effervescent agents composed of two main components: one is CO 2 source and other one is proton donor [50] . By using different CO 2 sources (sodium carbonate and sodium bicarbonate) and proton donors (sodium dihydrogen phosphate, citric acid and ascorbic acid) in different combinations six different effervescent powders were prepared in proper mole ratios, considering stoichiometry of the reaction between CO 2 source and proton donor. Amounts of components were selected as each effervescent agent would produce 1 × 10 −3 mol CO 2 . Some properties of prepared effervescent agents such as pH difference of aqueous phase caused by effervescent agents, effervescence time and obtained extraction efficiency with each effervescent agent were given in Table 1 . The effervesce reaction between CO 2 source and proton donor strongly depends on the molar ratios of these components [51] . Therefore, determining the appropriate ratio is very important to achieve maximum extraction efficiency. In order to investigate the influence of CO 2 source and proton donor ratio on extraction efficiency, three different effervescence powders having different molar ratio of sodium dihydrogen phosphate and sodium carbonate were prepared. Sodium dihydrogen phosphate:sodium carbonate molar ratios were selected as 2 × 10 −3 :1 × 10 −3 (stoichiometric ratio), 2 × 10 In this effervescent-assisted microextraction procedure, extraction time and hence extraction efficiency depends on the effervescence time. Effervescence time has two opposite effects on extraction efficiency: longer the effervescence time means more the vigorous dispersion and may be the higher extraction efficiency. But at the same time, faster the effervescence means shorter the extraction time, which may cause lower the extraction efficiency [52, 53] . For this reason, effervescence times for selected effervescent agents were determined. As seen from Table 1 , effervescence times changed in the range of 1.2 and 4.6 min and lowest analyte absorbance values were obtained with effervescent agents that have shorter effervescence times. According to these results, sodium dihydrogen phosphate: sodium carbonate combination provides the best extraction efficiency in appropriate time (3.2 min). Although sodium dihydrogen phosphate:sodium bicarbonate composition have longer effervescence time (4.6 min), it has smaller analyte absorbance may be due to poor dispersion of analyte. Therefore, sodium dihydrogen phosphate: sodium carbonate combination was selected as effervescence powder for further studies.
The pH variation of the analyte solution after addition of the effervescent agent was also investigated and given in third column of the Table 1 . According to obtained results, it could be seen that pH variation after addition of the effervescent agent is insignificant. With the effervescence reaction over, reaction products cause increase only ionic strength of the solution and do not have any interfering effect on extraction efficiency.
Comparison of EA with other dispersion method
In order to ensure the efficiency of EA, different dispersion methods were applied to the extraction solutions. For this purpose, EA, manual shaking, vortex stirring and sonication were compared as dispersion method. Manual shaking, vortex stirring and sonication were applied for 3 min as effervescence time. In addition, one of the samples was rested for 3 min without any application of dispersion method. During these experiments, all other parameters were kept at optimum values that is mentioned in EA-DLLME procedure. Obtained results were given in Figure 3 . As seen from the figure, extraction efficiencies were similar for EA and sonication and greater than that of manual shaking and vortex stirring. In addition, extraction efficiency was negligible when no dispersion method applied. So, it can be concluded the dispersion efficiency of EA was comparable with sonication and better than that of manual shaking and vortex stirring.
Effervescent agent amount
In this part of the study, the effect of the effervescent powder amount was explored in the range of 0.04-0.8 g. As could be seen in Figure 4 , extraction efficiency increased with the increasing amount of effervescent powder up to 0.4 g and then remained constant. 
Addition method of effervescent agent
The order of the addition of the effervescence agent is also important parameter, which affects the extraction efficiency. In order to optimise this parameter, two different addition methods were used. In the first method (method 1), effervescence powder was first introduced in a centrifuge tube and then analyte solution containing complexed Cu(II) ions, DES and THF was added into the tube containing effervescence powder. In the second method (method 2); analyte solution containing complexed Cu (II) ions, DES and THF was first added to the centrifuge tube and then effervescence powder was added. In the method 1, effervescence occurred from the bottom to top of the tube immediately and dispersion of the extraction solvent into the aqueous sample solution was homogeneously. But in method 2, effervescence took place on the surface of the solution; the dispersion was not homogeneous, which resulted in lower extraction efficiency by more than 40%.
Effect of pH
Extraction of Cu ions by EA-DLLME method includes formation of a hydrophobic complex to be extracted into the small volume of DES. pH has a great importance on EA-DLLME. It affects complex formation reaction as well as extraction efficiency of the method [45, 54] . For this reason, effect of pH on the extraction efficiency were studied in the pH range of 3.0-9.0. Obtained results showed that the extraction efficiency increased up to 6.0 and remained constant between 6.0 and 7.5. On the other hand at higher pH values, copper ions was likely to be hydrolysed and so extraction efficiency decreased. Therefore, in order to obtain maximum extraction efficiency pH 6.0 was selected as optimum value for subsequent studies. The pH change of + 1.3 after addition of effervescence powder is negligible and has no adverse effect on extraction efficiency.
Effect of interfering ions
The effects of interfering species in water samples on the EA-DLLME efficiency were investigated. Most common interfering ions in the real water samples are alkaline and alkaline earth metals, which do not react with DPC to form complex. But according to literature, DPC molecule complexes with transition metals especially Cr(VI), Mn(II) and Zn (II) [55] . In order to explore the effect of mentioned metal ions and some additional transition metal ions, 25.0 mL solutions containing 50 μg L −1 of Cu 2+ ions together with foreign ions were processed according to the developed procedure. If an added foreign ion caused to ± 5% variation in absorbance value of analyte, then it was considered as interfering species. The obtained results were summarised in Table 2 . According to the given results, this method has a good tolerance to possible interfering ions.
Analytical performance of the method
The calibration graphs were linear in the range of 10.0-100 μg L −1 copper under the optimum conditions of the proposed EA-DLLME procedure. The regression equation for copper determination after microextraction at the 95% confidence level was A = 3.5 × 10 ; linear range between 500 and 8,000 μg L −1 with the correlation coefficient of 1.00.
The enhancement factor was calculated as the ratio of the slope of calibration curves of the analyte after microextraction to that of prior microextraction was found as 78. As an indication of precision the intra-day relative standard deviation (RSD) was calculated for 9 replicate measurements by using 10 μg L −1 and 50 μg L −1 Cu 2+ and found as 2.1% and 1.3%, respectively. The limit of quantification (LOQ) and the limit of detection (LOD) were calculated by using formulas of 10 s/m and 3 s/m, and found as 9.7 μg L −1 and 2.9 μg L −1 , respectively. Here, s is the standard deviation of blank (n: 8) and m is the slope of the calibration curve. Table 3 summarises some analytical figures of the method.
Application of the method
In order to prove the performance of the proposed method, a certified reference material (TM-61. Obtained values were the averages of three parallel experiments and for 2 degrees of freedom; the table value of t at the 95% confidence level was 4.30. Satisfying consistency was obtained between the estimated content by the proposed method and the certified value.
For validation of the proposed method, experiments were performed by spiking tap water (Ankara, Turkey), and lake water (Ankara, Turkey) samples. During these studies, different amounts of copper (10.0, 25.0 and 50.0 mg L −1 ) were added to these water samples and optimised method was applied. Obtained results are given in Table 5 . As could be seen from the table calculated recovery values for spiked water samples were always greater than 97%, and these results verify the validity of the proposed method.
Comparison with other methods
A comparison of the presented EA-DLLME method with the other methods for the copper preconcentration in terms of several parameters i.e., overall extraction time, Table 5 . Comparison of the presented EA-DES-LLME with the other methods for the copper preconcentration. in situ DLLME LL-DLLME GA-DLPME UV-vis spectrophotometry (Continued ) EA-DES-LLME LOD, enrichment factor and linear dynamic range was given in Table 5 . In addition, the table includes comparative data on the other instrumental techniques. Apparently, presented method has generally low LOD, high-enrichment factor and these characteristics are comparable or even better than most of the other FAAS using methods in the table [16, [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] . Procedures using GFAAS [66] , HPLC [67] and chemiluminescence [68] for copper detection have lower LOD values than the proposed method. However, the method using HPLC needs disperser solvent and the method using chemiluminescence has a lower EF value and requires longer extraction time than the proposed method. These results reveal that the proposed EA-DLLME method is sensitive, repeatable and rapid and technique that can be used for the preconcentration and FAAS determination of copper traces in water samples.
Conclusion
In this study, effervescence-assisted dispersive liquid-liquid microextraction, EA-DLLME, technique was developed for preconcentration and determination of copper in aqueous samples. Here, DES was used as a greener alternative to conventional toxic and volatile solvent in LLME. In addition, by using effervescence agent, homogeneous dispersion of extraction solvent into the aqueous sample was easily provided. Compared with conventional ultrasound or vortex assistance, effervescence is a simple, effective, energy free and does not need any special instrument. When all of the advantages and comparison values in Table 5 are taken into account, it could be concluded that effervescenceassisted dispersive liquid-liquid microextraction technique is promising to determination heavy metals in several water samples.
